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LAPAROSCOPIC AND ENDOSCOPIC TRAINER INCLUDING A DIGITAL 

CAMERA 
Field of the Invention 

The present invention generally relates to a surgical training apparatus, and 
5 more particularly to a surgical trainer that realistically simulates videoendoscopic 
surgery. 

Background of the Invention 

In recent years many fully invasive surgical and operative medical procedures 
have been adapted to utilize videoendoscopic techniques to achieve minimally 

10 invasive procedures. Rather than requiring a relatively large incision to gain access 
to internal anatomical structures, videoendoscopic techniques require a plurality of 
much smaller incisions. Generally, one incision is made for a videoendoscopic 
camera, and two or more incisions are made to introduce surgical instruments. The 
diameters of the surgical instruments and the probe for the videoendoscopic camera 

1 5 are made as small as practical, to minimize the size of the incisions that are required. 
The endoscope is used to enable the surgeon to view, in real-time, the surgical field 
and the manipulation of the endoscopic instruments within that field. 

The majority of the videoendoscopic cameras in use today employ an optical 
fiber to transmit an image of the internal surgical field to a video camera that is 

20 disposed externally. Exemplary videoendoscopic cameras are described in U.S. 
Patent No. 6,527,704 (Chang et al.). As indicated in FIGURES 1A and IB of the 
Chang et al. patent, such systems tend to include a plurality of external components 
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that are mounted together in a rack that can be moved from one operating theater or 
room to another, as required. While such systems work well in a surgical theater, 
their size, weight, limited mobility, and cost make such systems ill-suited for use in a 
training environment, where highly portable and lower cost devices are very 
5 desirable. 

As technology improves so as to enable a substantial reduction in the size of 
video cameras, it has been suggested to employ small internal video cameras that 
have been inserted within the body of a patient, instead of using an optical fiber to 
transmit the image from the surgical field to an external video camera. Systems of 

10 this type are described in U.S. Patent No. 5,754,313 (Pelchy et al.), U.S. Patent 
No. 6,139,489 (Wampler et al.), and U.S. Patent No. 6,211,904 (Adair et al.). 
However, at the present time, small video cameras that can be disposed at an internal 
surgical field have not supplanted more conventional videoendscopic systems that 
employ fiber optics to transmit internal images to an external camera, either for actual 

15 surgical use or in a training context, such as simulations or skill development 
exercises. 

The need for endoscopic surgical training systems is significant. Hand eye 
coordination skills useful in conventional surgery do not translate well into 
endoscopic surgery. In conventional surgery, a surgeon is able to look directly at the 

20 treatment site, and is generally able to see his hands and the instruments in the 
surgical field in three dimensions. In videoendoscopic surgery, the surgeon is not 
able to feel the tissue and/or organs associated with an operative site first hand, 
because the surgeon remotely manipulates the tissue and/or organs using elongate 
surgical tools from outside the surgical field. Further, the surgeon observes a two- 

25 dimensional image of the surgical field. The ability to work from a two-dimensional 
image of the surgical field, while remotely manipulating instruments, requires a 
significant amount of training. It is critical that surgeons be taught and thereafter 
practice videoendoscopic skills that will help them to identify structures and carefully 
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control endoscopic instruments, to ensure that surgical procedures are accurately 
performed, and to avoid unnecessary damage to surrounding tissue. Even basic 
surgical skills, such as suturing and knot tying, become challenging when performed 
endoscopically. In a videoendoscopic environment, such basic surgical tasks require 
5 great skill and precision, which can only be achieved through training and practice. 

For surgeons or students who require basic training, skills unique to 
videoendoscopic surgery need to be learned. Two-dimensional recognition skills 
must be learned, as well as the manipulation of objects using elongate surgical 
instruments. Another skill that needs to be learned is the ability to use such elongate 
10 surgical instruments to manipulate objects when the view of the workspace is very 
restricted. 

A wide variety of different elongate surgical instruments have been 

developed, and continue to be developed, for use in endoscopic surgery. Even 

surgeons who have mastered two-dimensional recognition skills and the manipulation 
15 of objects using elongate surgical instruments welcome the opportunity to familiarize 

themselves with new instruments in a training context, prior to using such 

instruments during an actual procedure. 

Surgeons and other medical personnel can be trained in endoscopic surgical 

techniques using animal specimens or human cadavers. However, such training 
20 methods are very expensive, since animals and cadavers are in limited supply and 

cannot be used repeatedly. Also, animal specimens and human cadavers are not 

readily portable. 

Many endoscopic techniques, such as instrument manipulation, can be 
successfully learned using simple box trainers. Such trainers generally include a 
25 housing in which a simulated anatomical structure is placed. Students can manipulate 
instruments passing through openings in the housing to gain confidence in such skills 
as suturing and knot tying. Some box trainers have openings through which the 
student can look to directly observe the simulated anatomical structure. While such a 
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trainer is effective for gaining skills related to remote manipulation of endoscopic 
instruments, since the trainee looks directly at the simulated anatomical structure, 
two-dimensional recognition skills cannot be learned and practiced. Thus, some box 
trainers employ mirrors that reflect an image of the practice site, so that the trainee 
5 can also gain the necessary two-dimensional recognition skills. U.S. Patent 
No. 5,722,836 (Younker) discloses one such box trainer. 

Box trainers are relatively inexpensive and very portable, and are therefore 
desirable teaching tools. It must be recognized, however, that box trainers, including 
those that employ mirrors to develop two-dimensional recognition skills, do not 

10 provide a very realistic simulation of a true videoendoscopic procedure. During an 
actual endoscopic procedure, the surgeon will be observing an image displayed on a 
monitor. While a conventional endoscopic camera could be introduced into a box 
trainer to provide a video image of the simulated anatomical structure at a practice 
site, conventional endoscopic cameras are not very portable, and are very expensive. 

15 Such a training system, while being more realistic in simulating an actual surgical 
environment than a box trainer with a mirror, no longer offers the low cost and 
portability of a box trainer alone. It would thus be desirable to provide a low cost and 
highly portable trainer that is capable of providing a video image of a practice volume 
and of remotely manipulated endoscopic instruments being utilized within the 

20 practice volume. 

Summary of the Invention 

The present invention is a surgical trainer for practicing videoendoscopic 
surgical techniques. The surgical trainer includes a relatively low-cost, portable 
digital camera disposed within the trainer, configured to provide a substantially real- 
25 time image of a practice volume defined by the trainer housing. Various 
embodiments are contemplated, including embodiments in which the position of the 
digital camera is fixed, and embodiments in which the digital camera is selectively 
positionable to obtain an image of different portions of the practice volume. 
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A first embodiment includes a housing defining a practice volume, and a 
digital camera disposed within the practice volume. The digital camera is configured 
to capture a plurality of frames per second, such that the digital camera can provide a 
video feed imaging of at least a portion of the practice volume. Preferably, an 
5 anatomical structure is disposed in the practice volume. In at least one embodiment, 
the anatomical structure is disposed within a lower portion of practice volume. The 
digital camera is positioned within the practice volume relative to the anatomical 
structure such that a video feed imaging the anatomical structure obtained using the 
digital camera realistically simulates a video feed of an internal surgical field 
10 obtained by either a conventional laparoscopic camera or a conventional endoscopic 
camera. 

The housing is preferably configured to enable a trainee to insert elongate 
medical tools (i.e., endoscopic tools) into the practice volume to perform either a 
simulated procedure upon the anatomical structure by manipulating the elongate 

15 medical tools from outside the housing, or to perform endoscopic skills training 
exercises. The position of the digital camera within the housing is selected to ensure 
that the digital camera does not interfere with a range of motion required by the 
elongate medical tools to successfully perform the simulated procedure or exercises. 

In one embodiment, the digital camera is movably positionable within the 

20 practice volume so that when a position of the anatomical structure is changed, the 
position of the digital camera can be changed to continue to provide a video feed 
imaging the anatomical structure. Movement of the digital camera enables a field of 
view obtained by the digital camera to be varied. Such movement enables the digital 
camera to obtain an image of at least a portion of the practice volume from a plurality 

25 of different angles. Preferably, movement of the digital camera will enable the 
proximity of the digital camera to be varied relative to at least a portion of the 
practice volume. Movable and positionable digital cameras are particularly beneficial 
for training involving the simulation of an actual endoscopic procedure, such as 
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suturing, because endoscopic procedures often require the field of view provided by 
the endoscope, which is generally quite limited, to be shifted as the procedure 
progresses. As will be discussed in more detail below, it is particularly advantageous 
if the digital camera can be moved in a manner that enables the digital camera to 
5 move closer to (or farther from) a desired portion of the practice volume (i.e. to zoom 
in on or away from a particular portion of the practice volume). The ability simulates 
a technique often employed in videoendoscopy; moving a laparoscope or endoscope 
closer to (or away from) a particular portion of a surgical field, to zoom in (or out) 
relative to a specific portion of the surgical field. In another embodiment, the 

10 position of the digital camera is fixed, and the digital camera is configured to image a 
predefined portion of the practice volume. Trainers having digital cameras in fixed 
positions are particularly useful for skill based training excercises, such as basic 
instrument manipulation and two-dimensional recognition skills. If the field of view 
provided by a fixed digital camera is sufficiently broad, or if the simulated anatomical 

15 structure or other work piece can readily be repositioned relative to the digital 
camera, such an embodiment can also be used for simulating an actual endoscopic 
procedure. 

In yet another embodiment, the digital camera is disposed in an upper portion 
of the practice volume, and light traveling along a light path from the anatomical 

20 structure to image acquisition elements in the digital camera moves in a generally 
upward direction. This configuration facilitates obtaining a "bird's eye view" of the 
anatomical structure, which most often will be disposed in a lower portion of the 
practice volume. Another embodiment includes at least one optical reflector used to 
direct light traveling along a light path from the anatomical structure to image 

25 acquisition elements in the digital camera, toward the digital camera. The use of one 
optical reflector provides a reverse image, while the use of two optical reflectors 
provides a normal (i.e., un-reversed) image. Of course, digital signal processing can 
be used to electronically reverse an image obtained using the digital camera. The use 
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of properly positioned optical reflectors enables the digital camera to be disposed in a 
lower portion of the practice volume, and yet still obtain a bird's eye view of an 
anatomical structure that is also disposed in the lower portion of the practice volume. 
One embodiment of the surgical trainer includes a support structure to which 
5 the digital camera is coupled. The support structure includes a ball head that enables 
the digital camera to pan and tilt. In another embodiment, the support structure 
includes a pan and tilt head. The support structure is either substantially enclosed 
within the housing, or extends beyond the interior portion of the housing. 

Preferably, the support structure includes an elongate member having a 

10 proximal end disposed outside the practice volume, and a distal end disposed inside 
the practice volume. The digital camera is coupled with the distal end of the elongate 
member, such that a manipulation of the proximal end of the support structure 
changes a position of the digital camera within the practice volume. In at least one 
embodiment the proximal end of the elongate member includes a handle configured 

15 to simulate the handle of a conventional laparoscope. Embodiments that include an 
elongate member structure preferably also include a mounting bracket configured to 
support the elongate member. In some embodiments, the mounting bracket is 
configured to slidingly engage the elongate member, such that an amount of the 
elongate member disposed within the practice volume can be increased and decreased 

20 as desired. Such movement enables the digital camera to move closer to or away 
from portions of the practice volume, enabling the digital camera to zoom in or out. 
While some digital cameras include digital and/or optical zooms, requiring or 
enabling a user to manipulate the elongate member to achieve a desired zoom 
simulates the manipulation required of a conventional laparoscope or endoscope to 

25 achieve a similar zoom, increasing a realism of the training experience. In some 
embodiments the mounting bracket is configured to pivotally engage the elongate 
member, such that a position of the distal end of the elongate member within the 
practice volume can be adjusted. In some embodiments the mounting bracket is 
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configured to pivotally engage the housing, such that a position of the distal end of 
the elongate member within the practice volume can be adjusted. Particularly 
preferred mounting brackets enable different ranges of motion to be achieved. 

In some embodiments, the housing includes a panel through which medical 
5 instruments can be inserted to gain access to the practice volume. Such a panel can 
be disposed on a front side of the housing, or more preferably, on a top of the 
housing. An opaque cover can be employed to prevent a trainee from obtaining a 
clear view of the practice volume, thereby encouraging the trainee to rely on the 
video feed from the digital camera. In some embodiments, the elongate member 
10 passes through the panel via an opening that is too small for the digital camera to pass 
through. 

Preferably the surgery trainer will include a light source coupled with the 
housing and configured to illuminate at least a portion of the practice area. Such a 
light source is preferably movably coupled to the housing, so that the light source can 

15 be moved to selectively illuminate different portions of the practice area. Optionally, 
the housing can be configured to admit light into the practice volume, such that an 
external light source can be employed to illuminate the anatomical structure disposed 
within the practice volume. 

Generally, a size of the digital camera is significantly larger than a size of a 

20 distal end of a conventional laparoscope, such that the digital camera could not pass 
through an incision configured to receive a conventional laparoscope. This enables 
relatively inexpensive digital cameras, such as web cams, to be employed. 

Another aspect of the present invention is directed to a videoendoscopic 
surgery training system for the practice of videoendoscopic surgery techniques. Such 

25 a system includes, in addition to a surgical trainer generally consistent with those 
described above, a computing device configured to receive and process the video feed 
from the digital camera, and a display upon which the video feed processed by the 
computing device can be displayed. 
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Still another aspect of the present invention is a method for simulating one of 
an endoscopic and a laparoscopic procedure using a digital camera. Such a method 
includes the step of providing a surgical trainer including a housing, an anatomical 
structure, and a digital camera with the anatomical structure and the digital camera 
5 being disposed within the housing. A next step calls for using the digital camera to 
obtain a video image of the anatomical structure, then displaying the video image of 
the anatomical structure on a display. The trainee then performs at least one of a 
simulated endoscopic and a simulated laparoscopic procedure while viewing the 
progress of the procedure on the display. In addition to the immediate display of the 

10 digital images, the digital images can be stored for later review or transmitted (in 
real-time or at a later time) over a network to be viewed by others. Also, printouts of 
selected images can be made. 

In other embodiments of the method, the step of using a digital camera to 
obtain a video image of the anatomical structure includes the steps of positioning at 

15 least one of the anatomical structure, the digital camera and a reflector such that the 
digital camera receives a reflection of the anatomical structure. 

Yet another aspect of the present invention is a method for using a digital 
camera to enhance endoscopic skills training, by providing a substantially real-time 
image of the skill training exercise. This method includes the step of providing a 

20 surgical trainer defining a practice volume in which a digital camera is disposed. The 
digital camera is then used to obtain a video image of the practice volume that is 
displayed. The trainee remotely manipulates one or more objects within the practice 
volume using elongate tools, while viewing the manipulation on the display. The 
objects can be placed within the practice volume before or after the digital camera is 

25 energized. Once again, in addition to the immediate display of the digital images of 
the manipulations, such digital images can be stored for later review or transmitted in 
real-time or at a later time) over a network for viewing by others, and printouts of 
selected images can be made. 
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Brief Description of the Drawing Figures 

The foregoing aspects and many of the attendant advantages of this invention will 
become more readily appreciated as the same becomes better understood by reference to 
the following detailed description, when taken in conjunction with the accompanying 
5 drawings, wherein: 

FIGURE 1 schematically illustrates a prior art box trainer for use in teaching 
endoscopic surgical skills to surgeons and students; 

FIGURE 2 schematically illustrates a system for teaching endoscopic surgical 
skills to surgeons and students in accord with the present invention; 
10 FIGURE 3 is a side elevational view of a surgical trainer including a digital 

camera disposed inside the trainer according to a first embodiment of the present 
invention; 

FIGURE 4 is a partial view of the upper portion of the surgical trainer of 
FIGURE 3, providing a detailed view of the support structure for the digital camera, 
1 5 illustrating how the support structure enables zooming, panning and tilting of the digital 
camera to be achieved; 

FIGURE 5 is a side elevational view of a second embodiment of a surgical trainer 
including a digital camera disposed inside the trainer, in accord with the present 
invention; 

20 FIGURE 6 is a side elevational view of yet another embodiment of a surgical 

trainer including a digital camera disposed inside the trainer; 

FIGURE 7A schematically illustrates a digital camera coupled with a ball mount, 
such that when the digital camera and ball mount are disposed inside the trainer, the 
digital camera can be selectively positioned to focus on a particular portion of the 
25 practice volume defined by the housing; 

FIGURE 7B schematically illustrates a digital camera coupled with a pan and tilt 
head, such that when the digital camera and the pan and tilt head are disposed inside the 
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trainer, the digital camera can be selectively positioned to focus on a particular portion of 
the practice volume defined by the housing; 

FIGURE 7C schematically illustrates an elongate member whose proximal end is 
coupled with a ball mount, and whose distal end is coupled with a digital camera, such 
5 that when the ball mount is disposed outside a housing and the digital camera is disposed 
within the housing, manipulation of the ball mount selectively repositions the digital 
camera, enabling the digital camera to be directed to capture an image of a particular 
portion of the practice volume defined by the housing; 

FIGURE 8 schematically illustrates an exemplary configuration in which a 
10 training system in accord with the present invention is coupled to a network, so that 
images of a training exercise obtained using the digital camera disposed within the 
practice volume of the training system are transmitted to remote observers who are also 
coupled to the network; 

FIGURE 9A is a logical flow diagram showing steps in accord with a method for 
1 5 enhancing videoendoscopic skills training using a digital video camera disposed within 
the practice volume of a trainer; and 

FIGURE 9B schematically illustrates optional logical steps associated with the 
logical flow diagram of FIGURE 9A. 

Description of the Preferred Embodiment 
20 FIGURE 1 schematically illustrates a prior art surgical trainer 10 that is 

configured for video endoscopic surgery training. Trainer 10 includes a housing 12. 
An anatomical structure 14 is disposed within housing 12, such that portions of 
housing 12 prevent a trainee from clearly viewing anatomical structure 14. 
Housing 12 includes a plurality of openings 18 into which surgical instrument 16 can 
25 be inserted. Preferably, surgical instruments 16 are endoscopic suturing instruments 
such as an ENDO STITCH endoscopic reciprocating suturing instrument 
manufactured by U.S. Surgical, Inc. Trainer 10 includes a reflector 20 in which an 
image 22 of anatomical structure 14 can be observed by a trainee. Note that distal 
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ends 16a of surgical instruments 16 can be seen within image 22. Surgical trainer 10 
thus provides a trainee with an opportunity to practice endoscopical surgical 
techniques such as suturing and knot tying, as well as gaining experience in 
two-dimensional pattern recognition. However, image 22 does not realistically 
5 simulate an image displayed on a video monitor, such as a surgeon would view 
during an actual endoscopic procedure. 

FIGURE 2 schematically illustrates a training system 30 in accord with the 
present invention, which provides the same type of image a surgeon would view during 
an actual endoscopic procedure. System 30 includes a box trainer into which a digital 

10 camera is disposed within a practice volume defined by the box trainer. The digital 
camera is connected to a computing device (not separately shown), which drives a 
display 38, so that a trainee can observe a simulated surgical field upon the display 
generally as would be experienced during an actual endoscopic or laparoscopic 
procedure. The trainer portion of system 30 is preferably implemented using a box 

15 trainer having a housing 32 that defines the practice volume within the housing. An 
upper portion of housing 32 includes an opening 34, which is covered by either a 
clear or an opaque cover 36. An opaque cover prevents a trainee from viewing the 
practice area and encourages the trainee to view the progress of a simulated 
endoscopic procedure on display 38. 

20 A simulated anatomical structure 14 is contained within housing 32. One or 

more surgical instruments 16 pass through openings in cover 36 to access the practice 
volume defined by housing 32. In one embodiment, cover 36 is a plastic sheet that is 
placed over opening 34. When a trainee desires to introduce instruments 16 into the 
practice volume, holes can readily be formed into cover 36 using a scalpel or other 

25 object to pierce the cover. Instruments 16 are then introduced into housing 32. Of 
course, if desired, a trocar stop (not shown) may be inserted into a flexible 
elastomeric cover that is placed over opening 34, and a trocar (not shown) may be 
inserted into each trocar stop, to more realistically simulate the preparation of a 
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patient for a laparoscopic procedure. Surgical instruments 16 may then be inserted 
through the trocars for increased realism in the training provided. 

A digital camera is disposed within housing 32 and provides an output signal 
through output line 44 (the camera is obscured by cover 36 in FIGURE 2, but can be 
5 clearly seen in FIGURE 3). The output signal is used to provide a video signal for 
use in driving display 38. A simulated laparoscope handle 42 is included for 
positioning the camera to provide additional realism. As will become clear in the 
Figures discussed below, the digital camera is coupled with a distal end of an 
elongate member, and simulated laparoscope handle 42 is coupled to a proximal end 

10 of the elongate member. A trainee can then grasp the simulated laparoscope handle 
and move the digital camera throughout the practice volume defined by housing 32. 
Mounting brackets 48 and 46 movably support the elongate member. 

The output signal provided by the digital camera generally requires processing 
to achieve a video signal suitable for driving the display. Many displays are 

15 configured to process only video red, green, blue (RGB) analog signals. Some more 
expensive digital cameras include digital-to-analog circuitry that produces an analog 
output signal suitable to drive an analog display, although it is preferred to employ a 
low cost digital camera (to reduce the cost of the system), which typically does not 
provide a video analog output signal that can directly drive an analog display. 

20 Desktop personal and laptop computers are ubiquitous, and can readily accomplish 
the necessary digital-to-analog signal processing required to achieve an analog signal 
that can be displayed on equally ubiquitous RGB analog video monitors. Further, 
desktop personal and laptop computers can be used to perform signal processing 
required so that the output signal produced by a digital camera is converted to a 

25 display signal that can be used to drive many different types of displays. Indeed, the 
use of a computing device such as a desktop personal computer or a laptop computer 
enables relatively low cost web cameras to be utilized as the digital camera. Those of 
ordinary skill in the art will recognize that an output signal from a digital camera can 
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be processed to produce a display signal for many different types of display devices, 
including televisions configured to display an NTSC signal, televisions configured to 
display a PAL signal, cathode ray tube based computer monitors, LCD monitors, and 
plasma displays. 

5 As shown in FIGURE 2, output line 44 is coupled to a digital-to-analog 

converter 45, which is then connected to display 38, upon which an image 40 can be 
viewed. It should be understood that image 40 is obtained by a digital camera 
disposed within housing 32, and image 40 provides a view of distal ends 16a of 
surgical instruments 16 and a portion of simulated anatomical structure 14. It should 

10 be further understood that converter 45 can be implemented using a laptop or 
personal computer, or less desirably, by a converter circuit specifically provided for 
this purpose. Note that converter 45 is not required if display 38 is configured to 
utilize an output signal from the digital camera. It should be understood that 
converter 45 is configured to produce a display signal matched to the type of 

1 5 display 38 being employed. 

It should be understood that system 30 does not require that simulated 
anatomical structure 14 be provided in order for the system to be used for 
videoendoscopic skills training. While the inclusion of simulated anatomical 
structure 14 does enable system 30 to be used to simulate an endoscopic or 

20 laparoscopic procedure such as suturing, system 30 can also be used for more basic 
videoendoscopic skills training without employing the simulated anatomical 
structure. For example, two-dimensional recognition skills and remote instrument 
manipulation are two skills that must be mastered before an endoscopic surgical 
procedure is simulated or attempted. For training emphasizing two-dimensional 

25 recognition skills and remote instrument manipulation, other types of objects can be 
substituted for simulated anatomical structure 14. Thus, a basic training exercise can 
be carried out using system 30 and a plurality of grains of rice that are placed within 
the practice volume defined by housing 32. While observing the progress of the 



SIMU0008- 1 -79/0OO8ap.doc 



SIMUVISION 



-15- 



training exercise on display 38, the trainee is instructed to use instruments 16 to move 
each grain of rice from one part of the practice volume to another. In such an 
exercise, the distal ends of instruments 16 will include forceps that the trainee 
manipulates remotely. While such a training exercise may seem trivial, execution of 

5 this exercise provides the trainee with practical experience in two-dimensional 
recognition, remote manipulation of instruments, working within a limited field of 
view provided by the digital camera (conventional laparoscopes and endoscopes 
provide a limited field of view), and performing a repetitive task under such 
conditions. Each such element directly relates to a skill required in endoscopic 

10 surgery. Of course, objects other than grains of rice can be similarly utilized. 

The incorporation of an inexpensive digital camera within the practice volume 
of a box trainer achieves a very useful videoendoscopic surgical trainer. Because the 
digital camera is within the practice volume, the images obtained realistically 
simulate the type of images that are obtained using laparoscopes and endoscopes 

15 during actual surgical procedures. Regardless of whether the object in the practice 
volume that is being imaged is a simulated anatomical structure or some object being 
manipulated to develop instrument skills, having the digital camera within the 
practice volume, close to the object being manipulated, enables a narrow field of 
view to be achieved. Particularly when the digital camera is movable within the 

20 practice volume, trainees have an opportunity to selectively vary the field of view 
obtained by the camera, the angle of the camera relative to the objects, and the 
proximity of the camera to the object (i.e., the closer the camera, the larger the object 
will appear in the image). An important element of endoscopic surgery is properly 
positioning the endoscope (or laparoscope) to obtain a useable image of the surgical 

25 field. 

FIGURE 3 is side view of the trainer of system 30. A digital camera 52 can 
clearly be seen inside the practice volume defined by housing 32. Anatomical 
structure 14 is being manipulated by distal ends 16a of surgical instruments 16. As 
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noted above, objects other than simulated anatomical structure 14 can be placed 
within the practice volume for endoscopic skills training. A light source 54 
illuminates anatomical structure 14 so that digital camera 52 can obtain a clear image 
of anatomical structure 14 and distal ends of surgical tools 16. Digital camera 52 is 
5 coupled to a distal end of an elongate member 50, which passes through an opening 
formed in cover 36. Elongate member 50 is supported by a mounting bracket 48 and 
a mounting bracket 46. Simulated laparoscope handle 42 is attached to the proximal 
end of elongate member 50. Elongate member 50 is a hollow shaft, and output 
line 44 from digital camera 52 passes through the shaft to simulated laparoscope 

10 handle 42. The output line is then coupled to a computing device as described above, 
if conversion of the digital signal to produce an RGB analog signal is required. 

FIGURE 4 provides additional details showing how mounting brackets 48 and 
46 movably support elongate member 50. Cover 36 has been omitted from 
FIGURE 4 to enable the relationship between digital camera 52, elongate member 50, 

15 and mounting brackets 48 and 46 to be more clearly shown. Mounting bracket 46 
substantially encompasses elongate member 50 and includes an adjustment knob 46a. 
When adjustment knob 46a is loosened, the elongate member 50 can be freely moved 
relative to mounting brackets 46 so that a trainee can adjust the position of elongate 
member 50 within the practice volume, relative to housing 32. Because digital 

20 camera 52 is fixedly coupled with elongate member 50, introducing more of elongate 
member 50 into the practice volume moves the digital camera closer to a lower 
portion of the practice volume. This movement of the digital camera is indicated by 
the arrow disposed adjacent to mounting bracket 46. Note that when adjustment 
knob 46a is loosened, elongate member 50 can also be rotated, causing digital 

25 camera 52 to rotate correspondingly. This adjustment feature enables the orientation 
of the image being displayed to be changed. The movement of the digital camera 
duplicates the capability of conventional laparoscopes and endoscopes to vary the 
view, which is often used by surgeons to obtain a useful image of the surgical field. 
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This movement of the digital camera is indicated by the arrow disposed on elongate 
member 50, adjacent to mounting bracket 46. 

Mounting bracket 48 enables two different types of motion to be achieved. 
Mounting bracket 48 includes an adjustment knob 48a and a shaft 64 and 
5 substantially encloses elongate member 50. When adjustment knob 48a is loosened, 
mounting bracket 48 (and elongate member 50) pivot with respect to shaft 64. This 
motion, referred to as tilting, is indicated by the curved arrow disposed adjacent to 
mounting bracket 48. 

Shaft 64 is inserted into an opening 62 formed in a support block 60. 

10 Housing 32 is preferably formed of a relatively lightweight plastic material. Support 
block 60 provides additional support to mounting bracket 48, is fixedly coupled with 
housing 32, and if desired, can be formed integral to housing 32. Preferably, an 
interference fit exists between shaft 64 and opening 62, such that when no force is 
applied to elongate member 50 (or simulated laparoscope handle 42), the elongate 

15 shaft remains fixed in its then current position, and when a modest amount of 
pressure is applied to either elongate member 50 or simulated laparoscope handle 42, 
shaft 64 (and mounting bracket 48 and elongate member 50) move relative to 
opening 62. This motion, referred to as panning, is indicated by the curved arrow 
disposed adjacent to shaft 64. It should be understood that support block 60 is not 

20 required if housing 32 alone is sufficient to provide the required support. 

FIGURE 5 is a side view of an embodiment in which the digital camera is not 
moveably attached to a support. In this embodiment, digital camera 52 is attached to 
a fixed support 66. Support 66 is wholly enclosed within the practice volume defined 
by housing 32. Output line 44 from digital camera 52 is directed to simulated 

25 laparoscope handle 42. Optionally, a small portion of elongate member 50 can be 
included to simulate a laparoscope that is being used to enter a patient. It should be 
understood that simulated laparoscope handle 42 is not required in this embodiment 
or in the embodiments shown in the Figures discussed above. The purpose of 
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simulated laparoscope handle 42 is to add realism to the simulation. In embodiments 
wherein the position of the digital camera is fixed, manipulation of simulated 
laparoscope handle 42 does not change the position of the digital camera. 

Support 66 can be implemented in several different ways. For example, 
5 instead of the single shaft in a base as shown for support 66, a tripod support could be 
employed. In another embodiment, housing 32 is configured to be collapsible and 
portable. In such an embodiment, it is desirable for support 66 to include a hinge so 
that when support 66 is not in use, it can be folded substantially flat to enable 
housing 32 to be reduced in size for storage and transport purposes. Alternatively, 

10 support 66 can be removably coupled with the base of housing 32 to enable 
support 66 and digital camera 52 to be readily removed from the practice volume 
after use, so the trainer can be more compactly stored and transported. 

FIGURE 6 illustrates yet another embodiment in which digital camera 52 is 
attached to a mounting bracket 72 that is fully enclosed within housing 32. In this 

15 embodiment, the digital camera is disposed in a lower portion of the practice volume 
defined by the housing. A reflector 68 is positioned so that digital cameral 52 has a 
bird's eye view (i.e., a top view) of anatomical structure 14. A dash line indicates a 
light path 70 from anatomical structure 14 to digital camera 52. Each of digital 
camera 52, reflector 68, and anatomical structure 14 can be fixed in position. 

20 Alternatively, one or more of digital camera 52, reflector 68, and anatomical 
structure 14 can be movable within the practice volume defined by housing 42. 

It should be understood that mounting brackets 48 and 46 described in 
FIGURES 1-3 are exemplary of a configuration for movably supporting a digital 
camera. Those of ordinary skill in the art will recognize that many other 

25 configurations can be implemented for supporting either a digital camera or an 
elongate member to which a digital camera is mounted. For example, FIGURE 7A 
illustrates a ball head mount 74 that can be used to support a digital camera. Ball 
head mount 74 includes a housing 82, a ball 76 enclosed within housing 82, and a 
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plurality of adjustment levers 80. Digital camera 52 is attached to a support plate 78, 
which is attached to ball 76. When adjustment levers 80 are loosened, ball 76 is free 
to pivot about its center relative to housing 82, which enables digital camera 52 to be 
moved and positioned as desired. Ball mount 74 can be completely enclosed within 
5 housing 32 (as is support 66 of FIGURE 5), so that ball mount 74 and digital 
camera 52 are not readily seen by a trainee. 

FIGURE 7B shows digital camera 52 that is attached to a pan and tilt head 84. 
Pan and tilt head 84 includes a support plate 86 and a plurality of adjustment 
controls 88. When adjustment controls 88 are loosened, the position of support 

10 plate 86 can be changed relative to orthogonal pan and tilt axes, as desired. Again, 
pan and tilt head 84 can be completely enclosed within housing 32. 

FIGURE 7C illustrates a ball head mount 74 used to support elongate 
member 50. Housing 82 is preferably disposed within housing 32, and support 
plate 78 is disposed outside of housing 32. Simulated laparoscope handle 42 is 

15 attached to support plate 78. When adjustment knobs 80 are loosened, the positions 
of simulated laparoscope handle 42, elongate member 50, and digital camera 52 can 
be changed as desired. 

Although inexpensive digital cameras having limited functionality have been 
successfully used in a functional implementation of the present invention, consistent 

20 with system 30 of FIGURE 2, more expensive digital cameras having greater 
functionality and image quality can certainly be employed in the alternative. The 
digital camera used in the working prototype is a QuickCam™ Messenger web 
camera available from Logitech Inc. of Fremont, CA. The QuickCam™ Messenger 
is capable of a video capture resolution of up to 640 x 480 pixels, and a frame rate of 

25 up to 30 frames per second. The 30 frames per second rate is not comparable to 
broadcast television quality, yet still affords useful imagery. Lower frame rates result 
in a displayed image in which movements are jerky. Higher frame rates can provide 
a smoother, higher quality image. 
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Higher cost digital cameras offer more functionality beyond more pixels and 
higher frame rates. For example, more expensive digital cameras often offer optical 
and/or digital zooming. While such zooming can be used to control the field of view 
obtained by a digital camera disposed within a trainer, the field of view obtained 
5 using a conventional laparoscope or endoscope is varied by physically repositioning 
the distal end of the scope and not by zooming. Mounting brackets 46 and 48 as 
shown in FIGURE 4 enable the digital camera to be moved within the practice 
volume, simulating motions used to change the field of view obtained by 
conventional laparoscopes and endoscopes. Thus, while some users may prefer 
10 digital and optical zooming in the feature set of the digital camera, such functionality 
is not required. 

Another functionality available in more expensive digital cameras are 
powered camera mounts, which enable panning and tilting to be performed under 
remote control. XI 0 (USA) Inc. of Las Vegas, NV, the firm responsible for the 

15 ubiquitous Internet popup ads for their basic XI 0 digital camera, also offers the 
Vanguard 44X, a digital camera that provides pan, tilt, and optical and digital 
zooming - all under remote control. That digital camera is mounted to a base similar 
to the base shown in FIGURE 6. The lower portion of the base rotates to enable 
panning, and the upper portion of the base (to which the camera is attached) controls 

20 tilt. As described above, while a less expensive digital camera movably coupled to a 
support enables the motion of conventional laparoscopes and endoscopes to be 
simulated, some users may desire the functionality of a digital camera that can pan 
and tilt in response to remote commands. For example, if system 30 of FIGURE 2 is 
provided with both digital camera 52 coupled to elongate member 50, and a second 

25 digital camera that can be selectively positioned under remote control, an instructor 
could use the second digital camera to monitor a training exercise from a remote 
location. While the video signal from digital camera 52 (which provides the images 
displayed to the trainee) can also provide video images to an instructor at a remote 
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f location (by streaming the video signal over the Internet), the remote control digital 
camera enables the instructor to obtain a video signal and resulting images that are 
based on an angle and field of view selected by the instructor, not the trainee. If 
desired a single, remotely controllable camera can be included in a trainer, in place of 
5 a fixed position camera, or a digital camera coupled with an elongate support. In 
such an embodiment, a remote instructor can select a particular field of view within 
the practice volume, and instruct the trainee to perform some exercise at that location. 
If desired, such a remotely controllable camera can be under the trainee's control, 
such that the trainee can selectively pan, tilt and/or zoom to obtain an image of a 

1 0 desired portion of the practice volume. 

The use of a digital camera also enables many different training scenarios to 
be supported. The images can simply be displayed during a training exercise, so that 
the trainee is able to view their performance on the display, just as they would appear 
during a videoendoscopic procedure. In systems that include a computing device or 

1 5 are coupled to a tape deck or other recording medium, in addition to displaying the 
exercise in real-time, the image data can be stored for later review. This capability 
will be particularly useful to instructors who may not be present during the actual 
exercise, so that they can later review, with or without the trainee being present, the 
trainee's performance during the exercise. The image data can be streamed to 

20 observers over a computer network, such as the Internet. An instructor can thus 
broadcast an exemplary technique over such a network to students located in others 
locations. Instructors can also record training videos of exemplary techniques, to be 
distributed to students in an electronic format. Frames of video data that are 
particularly illustrative or interesting can be selected and individually printed or 

25 included in training materials. 

FIGURE 8 schematically shows an exemplary configuration 1 00 in which a 
training system 102 is connected to a network 104 to share video data of a training 
exercise with remote observers 106 and 108, and optionally a remote instructor 110. 
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It should be understood that the number of observers connected to network 104 at any 
one time can readily vary. Training system 102 is based on system 30 of FIGURE 2, 
and includes a computing device that is coupled to the network. Video data captured 
by the digital camera are both processed to drive a display in training system 102, as 
5 well as to provide video data streamed to other users over network 104, which can be 
a private network used by a school or training facility, or a public network, such as 
the Internet. As discussed above, the video data captured by the digital video camera 
can be stored in digital form, for example, on a hard drive (not separately shown) of 
the computing device of training system 102. If desired, the training system can also 

10 couple via network 104 to a remote storage device 112, to store the image data 
remotely. Such remote storage is particularly useful in a scholastic environment, 
where students share a plurality of different training systems 102, so that each 
training system stores training data at a common remote storage device. As described 
above, in some embodiments, trainers are equipped with a second digital camera 

15 disposed within the practice volume, enabling an instructor to control the field of 
view of the second digital camera independent of the digital camera displaying the 
image to the trainee using training system 102. In such an embodiment, the second 
digital camera is motorized to enable pan and tilt to be remotely controlled. 
Instructor 110 is shown as an optional element, since not all embodiments of the 

20 present invention include a second, remotely controlled digital camera. 

FIGURE 9 A is a flow diagram 120 that generally shows the logic for using an 
endoscopic surgical skills trainer including a digital camera within the practice 
volume to enhance videoendoscopic skills training. In a block 122, an endoscopic 
surgical skills trainer including a digital camera within the practice volume is 

25 provided. Any of the trainers shown in FIGURES 2, 3, 5, or 6 can be beneficially 
employed. In a block 124, an exercise object is introduced into the practice volume. 
The exercise object can be a simulated anatomical structure, or some other object that 
the trainee will manipulate during a training exercise. For example, as noted above, a 
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plurality of rice grains can be employed as exercise objects. Even such simple 
objects can provide practical skills training. In a block 126, the digital camera is used 
to provide image data for display to the trainee on a video monitor, television, or 
other display. Optionally, a trainer can include a digital camera having a fixed 
5 position. In such an embodiment, care must be taken that the training object or 
objects are placed within the field of view obtainable with the fixed position digital 
camera. In embodiments where the digital camera is movable and positionable, 
block 126 can include the step of moving the digital camera so that the exercise 
object is in the field of view obtained by the digital camera. In a block 128, the 
10 trainee performs the exercise while viewing the progress of the exercise on the 
display. 

FIGURE 9B highlights optional steps associated with block 128. In an 
optional block 130, the data used to drive the display monitored by the trainee are 
also stored for later review. In an optional block 132, the video data are also 

15 transmitted over a network connection to enable remote observers to watch the 
trainee's progress during the exercise. 

Although the present invention has been described in connection with the 
preferred form of practicing it and modifications thereto, those of ordinary skill in the art 
will understand that many other modifications can be made to the present invention 

20 within the scope of the claims that follow. Accordingly, it is not intended that the scope 
of the invention in any way be limited by the above description, but instead be 
determined entirely by reference to the claims that follow. 
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